The sensitization of herpes simplex virus by immunoglobulin G (IgG) antibodies was studied. Although herpes simplex virus sensitized by IgG could not be neutralized by IgA antibodies known to neutralize a similar number of unsensitized viruses, this protection could be overcome by larger amounts of IgA antibodies. This suggests that the effective neutralization of herpes simplex virus in ocular tissue is dependent on the relative concentrations of IgA and IgG antibodies. In vivo sensitized virus was isolated from chronically infected animals, and this may be the mechanism by which herpes simplex virus persists in animals with high titers of circulating antibodies in their serum.
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The problem of herpes recurrences has been studied extensively in our laboratory. It was shown by Kaufman (7) that, in the absence of active disease, the virus is chronically released from the ocular tissue of animals with good titers of neutralizing antibodies in their serum (8, 9) . A study on the secretory immunoglobulin A (IgA) of the rabbit eye showed several points of interest (5) . It was found that topical immunization of the eye with heat-inactivated herpes simplex virus (HSV) led to the production of secretory antibodies of the IgA class. Such antibodies were capable of neutralizing HSV in vitro and were also capable of protecting the animal from initial infection independent of serum antibodies. Local immunization of the eye with subsequent production of secretory IgA antibodies did not diminish the number of recurrences in rabbits; however, the level of IgA antibodies in rabbits with and without recurrent disease was similar. Virus could be cultured in the presence of an apparent excess of antiherpes IgA, and experiments indicated that herpes recurrences were not due to a simple deficiency of local antibody production. The question remained how a virus could multiply and be cultured in the presence of neutralizing antibodies of both local and systemic origin.
The apparent resistance of the virus to IgA neutralization and the fact that greater amounts of IgG are found in the tears of diseased animals than in uninfected animals led us to suspect that IgG plays a role in permitting the survival of infectious virus. We felt that this role might be the "sensitization" of HSV by IgG antibodies. In "sensitization," IgG antibody molecules attach to the virus without neutralizing it, presumably coating it so that the subsequent addition of antiIgG does result in neutralization (1, 2 The amount of "sensitized" virus in the surviving fraction was determined by subtracting the PFU found after incubation with goat anti-rabbit IgG from those found after incubation with normal goat IgG.
IgA neutralization test. The neutralizing capacity of IgA antibodies was tested on both sensitized and nonsensitized virus. The virus was incubated with an appropriate dilution of IgA antibodies at 37 C for 10 min. A volume of the mixture was pipetted into each of three bottles and gently rolled over the monolayer Then 2.0 ml of maintenance medium was added, and the bottles were incubated at 37 C for 36 hr. After incubation, the bottles were stained with a crystal violet-acetic acid mixture for plaque counting.
To determine whether "sensitization" occurs in vivo and whether virus recovered from animals was protected from IgA neutralization, the corneas of immune rabbits were infected with the McKrae strain of HSV, and the disease was allowed to follow its natural course. After the lesions were healed, the cornea and conjunctiva were scraped. The scrapings were placed in minimal essential medium (MEM), frozen at -90 C, and stored.
Serial dilutions of these scrapings were made, a portion was mixed with equal volumes of either goat anti-rabbit IgG or normal goat IgG, and 0.2 ml of this mixture was instilled into each of three bottles of human embryonic kidney monolayers. These were allowed to absorb for 30 min at 37 C and were then overlaid with MEM supplemented with 10% calf serum and 1% methyl cellulose. Determination of the importance of the relative IgA and IgG. To avoid excess IgG molecules in the reaction mixture, it was decided to sensitize the virus in the usual manner, then filter it through a 50-nm membrane filter and wash off the excess IgG molecules as described in Materials and Methods. After filtration, about 95% of the surviving fraction was sensitized. The filtered virus was appropriately diluted and incubated with IgA (Table 3) .
RESULTS
IgA and IgG levels in lacrimal gland secretions. IgA and IgG levels in the lacrimal secretions of rabbits were tested both during herpes simplex keratitis and after healing (Table 4) . No tear IgG was found in the noninfected animals, but during and after infection significant amounts of IgG were present. In tears of animals subject to recurrent herpes simplex keratitis, both immunoglobulins are interacting with the virion which is chronically released from lacrimal gland and conjunctiva. To study further the persistence of infectious virus, previously infected animals were infected again with the McKrae strain of HSV, and the eyes were cultured after they recovered from apparent disease. Serial dilutions of the specimen were made, and portions were mixed with either normal goat IgG or goat anti-rabbit IgG. These mixtures were titered in human embryonic kidney monolayers. Sensitization of the virus in vivo by IgG antibodies is indicated by significantly fewer plaques in cultures with goat anti-rabbit IgG than in those with normal goat IgG (Fig. 1) .
DISCUSSION
This study was undertaken to investigate several puzzling phenomena: (i) in patients subject to recurrent herpes simplex keratitis (as well as animals previously infected with herpesvirus), virus could be cultured erratically in their tears and saliva over a long period of time (7); (ii) in animal studies, virus appeared to be multiplying in lacrimal gland and conjunctiva (7); (iii) whereas this indicated a continual source of infectious virus, virus could not always be cultured; (iv) tear IgA antibody against herpesvirus had been found in their tears and should have neutralized the virus so that it could not be cultured at all.
The finding of an excess of IgA neutralizing antibody in the tears (11) suggested that herpesvirus might be protected in some way, and prompted us to re-examine the work on"sensitization" to locate any such protective agent. Previous studies of "sensitization" indicated that virus could is not necessary for IgA neutralization because heat-inactivated IgA neutralizes virus completely. Although added complement might conceivably have enhanced the neutralization by antiherpes IgG in vitro, there was a clear demonstration of sensitized non-neutralized virus in tears in vivo. It seemed possible that this IgG antibody might also protect virus against neutralization by IgA antibodies which are present in tears after acute infections (5) .
The results of this study indicate that "sensitization" is a function of the IgG antibody which appears to coat herpesvirus without causing a loss in infectivity. IgG antibody, found in the tears of infected animals, does protect herpesvirus from neutralization by the IgA antibody and, by permitting infectious virus to persist, could lead to recurrences of clinical disease in the ocular or labial region. In vitro, the protection of the virus by IgG from IgA seems to be significant, even when excess IgG molecules have been removed by filtration. Since we have shown that sensitized herpesvirus is found in naturally infected animals and occurs in vivo, a situation exists in which the infectivity of the chronically excreted virus may well depend on the exact relationship between IgA and IgG antibodies, as well as the presence of chronic herpesvirus production. However, these relationships require much greater study, as does the possibility that other herpesviruses may be protected from neutralization in a similar manner.
